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Objective: Eating behavior is affected by psychological and neurocognitive factors. However, little is
known about this relationship in anxious patients. Our aim was to investigate the associations between
impulsivity, inhibitory control, energy-dense food consumption, and body mass index (BMI) in women
with generalized anxiety disorder (GAD).
Methods: In this cross-sectional study, 51 adult females with GAD answered the Barratt
Impulsiveness Scale (BIS-11) and participated in a go/no-go task using food images. Anthropometric
measurements were evaluated. A food frequency questionnaire and a snack test were used to study
eating behavior. Pearson correlation and multiple linear regression were performed to analyze the
variables of interest, adjusted by age.
Results: Impulsivity predicted intake of sugar (p = 0.016, 95%CI 0.67-6.05), total fat (p = 0.007, 95%
CI 0.62-3.71), and saturated fat (p = 0.004, 95%CI 0.30-1.48). The snack test showed a positive
correlation between presence of impulsivity and intake of biscuits (R = 0.296; p = 0.051). Response
inhibition to food images in the go/no-go task paradigm did not predict BMI or food intake.
Conclusion: Impulsivity was predictive of higher sugar and saturated fat intake in women diagnosed
with GAD. Our findings add to the literature regarding the association between neuropsychological
factors and food consumption in this specific population.
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Introduction
Generalized anxiety disorder (GAD) is characterized by
persistent anxiety and excessive worrying about everyday
life events for at least 6 months, associated with enduring
subjective suffering, physical symptoms, and the feeling
of loss of control over anxiety.1 It is a prevalent and
disabling disorder1 and is considered a risk factor for both
anorexia2 and obesity.3 Data on eating behavior patterns
in anxious patients are very inconsistent, and the mecha-
nisms by which some individuals have restrictive eating
behaviors while others engage in overconsumption are
still poorly understood. Personality traits,4 temperament,5
self-control,6,7 and changes in executive function and
inhibitory control8 seem to be associated with this
observable dysfunctional eating behavior.
Impulsivity is a biological predisposition associated with
rapid and unplanned reactions to internal and external
stimuli, without considering their possible consequences.9
It is a behavioral pattern comprised by greater motor
activation, less attention, and decreased planning strate-
gies.9 Impulsivity can be seen in any individual. with or
without psychiatric diagnoses, and can influence the
severity and longitudinal course of different mental
disorders.10
Inhibitory control is characterized as the ability to
regulate automatic behavioral responses. It is important
for limiting engagement in rewarding behaviors, such as
consuming highly palatable foods.11 Poor inhibitory con-
trol is associated with food intake,11,12 including higher
intake in response to negative emotional states,13 obesity
and weight gain,14,15 and failure of long-term weight-loss
treatments.16 However, few studies have assessed these
mechanisms in patients with anxiety disorders.
GAD occurs twice as often in women,17 who also
have a higher risk of eating disorders.18 However, data
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regarding the association between GAD and dysfunc-
tional eating behavior are inconsistent. Moreover, con-
sidering that both impulsivity and lack of inhibitory
control may influence the relationship between presence
of psychiatric disorders and eating behaviors, the main
goal of the present study is to investigate the putative
association between impulsivity, inhibitory control, and
energy-dense food consumption in women with GAD. We
hypothesized that impulsivity and poor inhibitory control to
food stimuli would predict higher body mass index (BMI)
and increased sugar and fat intake in this population.
Methods
Participants
Community-dwelling women diagnosed with GAD (acc-
ording to DSM-5 criteria) were recruited to participate in
this study through an advertisement placed in local media.
Potential participants were screened by telephone with
the Generalized Anxiety Disorder 7-item scale (GAD-7).19
Those who scored X 10 on this scale were invited to
undergo an extensive evaluation with a trained psychia-
trist or psychologist, which included a clinical psychiatric
interview and the Mini-International Neuropsychiatric
Interview (MINI).20 Patients were included in the study
if they were aged4 18 years and had a primary diagnosis
of GAD. The exclusion criteria were presence of eating
disorders, bipolar disorder, psychotic disorders, substance
use disorders (except tobacco), or suicidal ideation in the
preceding 6 months. Patients could be included in the
study if they fulfilled the diagnostic criteria for major
depression, as long as it was not the primary diagnosis
and they scored no higher than 23 on the Hamilton
Depression Rating Scale (HAM-D).
Measures
Anxiety and depression diagnoses and symptom severity
The MINI20 is a structured and validated clinical diag-
nostic psychiatric interview, designed for administration
by trained psychiatrists or psychologists, which yields
psychiatric diagnoses according to the DSM-IV and ICD-
10 criteria. (For the purposes of this study, we made
minor adaptations in order to address the DSM-5 diag-
nostic criteria.) This instrument has been validated for the
Brazilian population.21
We used the Hamilton Anxiety Rating Scale (HAM-A),
a widely used and well-validated rating scale, to evaluate
anxiety severity,22 and the HAM-D23 to evaluate the
severity of depression symptoms. As noted above, patients
with severe depressive symptoms (HAM-D 4 23) were
excluded.
Impulsivity
The Barratt Impulsiveness Scale (BIS-11) is a 30-item,
self-administered rating scale that evaluates impulsivity
as a multifaceted dimension. This scale has been trans-
lated and validated for use in Brazilian adults with good
psychometric properties.24 Given the results of confirmatory
factor analysis in our sample (Tables S1 and S2, available
as online-only supplementary material), we did not use the
BIS subdomains.
Go/no-go task
The ‘‘go/no-go’’ paradigm has high reliability for evalua-
tion of inhibitory control.25 During the 20-minute task,
neutral and food images were depicted on a computer
screen and participants were instructed to press (or not)
the space bar on the keyboard in response to each
stimulus: they should press the space bar in response to
‘‘Go’’ stimuli (neutral images: office and bathroom objects)
and not press the space bar when shown ‘‘No-Go’’ stimuli
(foods and a third class of neutral images, namely sports
objects). One hundred trials (in two blocks of 50) were
presented for the neutral task and for the food task, for a
total of 200 trials. Each trial was presented for 750 ms,
separated by a blank screen for 500 ms and preceded by
a fixation point for 500 ms. Images were presented using
a ratio of 80% ‘‘go’’ to 20% ‘‘no-go’’ trials, aiming to induce
a go response in a pseudo-randomized order, with three,
four, or five go trials for every no-go trial.8 The food and
neutral tasks were presented in a counterbalanced
fashion. All tasks were programmed in Open Sesame
software.26
Food consumption
We used the 135-item FFQ-Porto Alegre food frequency
questionnaire to evaluate participants’ usual food con-
sumption in the preceding year. This instrument evaluates
energy (calories), sugar (grams), total fat (grams), and
saturated fat (grams) intake, and has been validated for
use in Brazilian participants aged 12 to 90 years.27
Snack test
To evaluate food intake in the laboratory setting, we used
the snack test. In this test, participants were invited to
sample two types of biscuit and rate their palatability,
crunchiness, and strength of flavor on separate visual
analogue scales. They were allowed to consume as many
biscuits as they wanted under the guise of sensory
evaluation (bogus taste test). Participants were informed
that any food left over would be discarded (adapted from
Price et al.8). The biscuits were Belvita Minis cocoa &
cereals (1,932 kJ [460 kcal]/100 g) and Belvita Minis milk
& oats (1,900 kJ [452 kcal]/100 g). The outcome was the
number of biscuits consumed during 5 minutes in which
the participant remained alone in the room, to minimize
social desirability effects. The participants had eaten a
standard meal before this task.
Anthropometric evaluation
The anthropometric parameters of interest were BMI and
body composition. Weight was measured on a calibrated
digital scale (capacity 200 kg, Toledo, Sa˜o Bernardo do
Campo, Brazil), and height, using a vertical stadiometer
(resolution, 1 mm Holtain Limited, Crosswell, Wales, UK).
Both measurements were obtained twice and the average
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value used for analyses. BMI, calculated as the weight
in kilograms divided by the height in meters squared
(kg/m2), was used to evaluate nutritional status. An
InBody230
®
bioelectrical impedance analysis system
(Perafita, Portugal) was used to evaluate body composi-
tion (expressed as fat mass percentage).
Procedure
Prospective participants who agreed to take part in the
study signed an informed consent form and underwent a
structured clinical interview to confirm GAD diagnosis.
Those who met all inclusion criteria scheduled their
second study visit, which was to take place in the morn-
ing, after a 12-hour fast. At this appointment, anthropo-
metric evaluation was performed and a blood sample
was collected by venipuncture. Participants were then
offered a standardized snack, which consisted of a seven-
unit serving of whole-grain toast (total energy 91 kcal,
carbohydrates 19 g, protein 2.5 g, total fat 0.6 g, dietary
fiber 1.4 g) and a cup of sugar-free tea, to break the
fast and standardize any potential variations in hunger
and satiety during administration of the scales (BIS-11
and FFQ-Porto Alegre) and neurocognitive task (go/no-go
test). The snack test was done afterwards. The total
evaluation time averaged 1 hour and 30 minutes to
2 hours, of which approximately 20 minutes were devoted
to the neurocognitive task.
Statistical analysis
Data were described as mean 6 standard deviation (SD)
for parametric quantitative variables, median and inter-
quartile range for nonparametric quantitative variables,
and as absolute and relative frequencies for qualitative
variables. We performed correlation analyses between
all variables using Pearson correlation; variables with
p o 0.20 on correlation analysis were included in the
regression models. All models were adjusted for age. We
used multiple linear regression for variables with normal
distribution. All prerequisites for analysis were met, and
data were analyzed in PASW Version 18.0. All tests were
two-tailed, with a significance level of p o 0.05.
Considering 80% statistical power and a significance
level of 5%, the sample size was calculated as 47
participants to detect a moderate association of at least
0.40 between food consumption and impulsivity.
Ethics statement
The study was approved by the ethics committee of
Hospital de Clı´nicas de Porto Alegre (CAAE 61336416.
0.0000.5327).
Results
Our sample was comprised of 51 women diagnosed with
GAD. All had moderate to severe anxiety symptoms,
according to the Hamilton Anxiety Rating Scale. Of these
participants, one did not complete the BIS rating scale
and six were unable to perform the go/no-go task due to
computer issues.
Among the 44 participants who completed all measures
and tasks, the mean (SD) age was 33 (11.32) years.
All were categorized into socioeconomic class B or C
according to the Brazilian Market Research Association
criteria, which corresponds to middle class.28 The mean
BMI was 27.46 (6.55) kg/m2, classified as overweight
and the majority of participants (79.5%) had high body
fat percentage (mean [SD] 37.1% [8.7]). The mean (SD)
BIS-11 score was 71.6 (9.9). The mean (SD) number of
commission errors in the go/no-go task for food images
was 2.98 (2.96), while the mode for this task was 2 (0-12).
Impulsivity measured by the BIS-11 correlated posi-
tively with energy, sugar, total fat, and saturated fat
intake, and, as expected, with worse inhibitory control
(R = 0.442; p = 0.003) (Table 1). We also found a positive
correlation between impulsivity and intake of biscuits in
the snack test (R = 0.296; p = 0.051) (Table 1).
We used multiple linear regression (Table 2) to ascer-
tain whether impulsivity and poor inhibitory control to food
stimuli were able to predict higher BMI, snack intake, and
sugar and fat consumption in women with GAD, adjusted
by age. Because energy intake correlated strongly with
sugar and fat intake, we evaluated diet quality by select-
ing hyperpalatable nutrients (sugar and fat) as outcomes
in the regression models. Likewise, since BMI and %fat
are collinear and most studies of non-anxious populations
reported data on BMI and not on %fat, we included only
BMI data in the regression models.
The significant regression models for sugar (b = 3.36;
t = 2.53, p = 0.016, 95%CI 0.67-6.05), total fat (b = 2.16;
t = 2.82, p = 0.007, 95%CI 0.62-3.71), and saturated fat
intake (b = 0.89; t = 3.05, p = 0.004, 95%CI 0.30-1.48)
showed that only impulsivity predicted higher food con-
sumption in women with GAD (Table 2). For each
additional point on the BIS-11, the model predicted an
additional intake of 2.2 g total fat, 0.9 g saturated fat, and
3.4 g of sugar. This suggested a specific pattern of eating
behavior in our sample. Regression models for mono-
unsaturated and polyunsaturated fat were also tested,
but the results were not significant (data available in
Table S3, available as online-only supplementary material).
The poor response inhibition to food images in the go/
no-go task paradigm was not associated with BMI or food
intake (Table 2). Furthermore, the correlation between
impulsivity and snack test intake did not remain significant
on regression analysis (Table 2).
Discussion
This study investigated the association between impul-
sivity, inhibitory control, and food intake in women
diagnosed with GAD. We found that: 1) impulsivity
predicted higher sugar, total fat and saturated fat intake;
2) BMI was not influenced by impulsivity; 3) inhibitory-
control in response to food was not related to food intake
or BMI; however, 4) inhibitory-control in response to food
was correlated with impulsivity (BIS).
Our data suggest that intake of sugar and saturated fat
during the past year was higher among anxious women
Braz J Psychiatry. 2020;00(00)
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who were more impulsive, which is in agreement with
previous studies associating food intake and impulsivity in
individuals without anxiety disorders.25
The association of sugar intake and impulsivity found in
our study is in agreement with the literature on normal-
weight healthy women.29 According to Guerrieri et al.,
both sugar intake and thoughts and behaviors linked to
eating disorders were significantly greater in individuals
with high impulsivity.29
Impulsivity is characterized by poor self-control25 and
by increased sensitivity to reward,9 which are both related
to overeating.30,31 These behaviors are associated to
dysregulation in neurotransmitters such as serotonin
(5-HT) and dopamine. 5-HT pathways seem to play a
role in impulsivity32 and in ‘‘waiting to obtain reward’’ with
the purpose of achieving a delayed reward. Moreover,
the mesocorticolimbic dopamine system receives and
integrates information related to both hedonic and homeo-
static food stimuli.33 The association between over-
consumption of hyperpalatable or rewarding foods and
impulsivity demonstrated in our study may reflect imbal-
ances in dopaminergic or/and serotoninergic signaling,
which have also been described in anxiety disorders.34
These neurotransmitters also promote two-way commu-
nications between areas of the prefrontal cortex and
amygdala.
The literature has reported that patients with deficits in
executive functions, such as inhibition control, often score
higher on the BIS-11,35 which is in agreement with our
finding. Moreover, according to Van Der Laan et al.,36
higher levels of impulsivity (measured both by a subscale
from the BIS and by the delay discounting task) were
associated with greater brain striatal activation for high-
energy food stimuli in 20 women with weight concerns.36
Individuals with high sensitivity to reward and frequent
disinhibited behavior may be more vulnerable to over-
eating hyperpalatable foods when exposed to the so-
called obesogenic or food-abundant environment, leading
to long-term weight gain.25
In our study, only intake of saturated fat within total
fat (monounsaturated and polyunsaturated fat were
tested) was associated with impulsivity. Saturated fat is
associated with cardiovascular disease and mortality,37
and generally related to an unhealthy lifestyle, since
Table 1 Correlations between impulsivity, inhibitory control measures, BMI, and food intake measures
Age Energy Sugar Fat Saturated fat BMI Fat% BIS No-go food
Age
Pearson correlation 1
p-value
Energy
Pearson correlation -0.168 1
p-value 0.275
Sugar
Pearson correlation -0.190 0.882* 1
p-value 0.217 0.000
Fat
Pearson correlation -0.159 0.945* 0.758* 1
p-value 0.304 0.000 0.000
Saturated fat
Pearson correlation -0.010 0.883* 0.716* 0.930* 1
p-value 0.946 0.000 0.000 0.000
BMI
Pearson correlation 0.360w 0.029 0.150 -0.065 -0.054 1
p-value 0.016 0.853 0.332 0.676 0.728
Fat%
Pearson correlation 0.430* -0.028 0.079 -0.120 -0.107 0.849* 1
p-value 0.004 0.856 0.612 0.438 0.491 0.000
BIS
Pearson correlation -0.084 0.389* 0.399* 0.341w 0.389* 0.174 0.074 1
p-value 0.586 0.009 0.007 0.023 0.009 0.258 0.633
No-go food
Pearson correlation -0.121 0.037 0.158 -0.055 -0.001 0.287 0.204 0.442* 1
p-value 0.435 0.810 0.304 0.724 0.995 0.059 0.184 0.003
Snack test
Pearson correlation 0.044 0.017 -0.102 0.106 0.221 -0.097 -0.142 0.296 0.151
p-value 0.777 0.910 0.511 0.494 0.149 0.533 0.359 0.051w 0.329
BIS = Barratt Impulsiveness Scale; BMI = body mass index.
*Correlation significant at p o 0.01 (two-tailed).
wCorrelation significant at p o 0.05 (two-tailed).
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ultra-processed foods are significant sources of saturated
fat, sodium, and added sugar intake.38 Our results are
consistent with the behavioral pattern observed by
Sarmugam & Worsley, in which impulsive consumers eat
more fast foods, takeaways, convenience meals, salted
snacks, ready-made sauces, and mixes as compared to
healthy eaters.39 Thus, these individuals may be at higher
risk for cardiovascular disease. Knowing that anxiety is also
considered an independent risk factor for cardiovascular
diseases,40 eating behavior should be a focus of attention
for health professionals dealing with anxious individuals.
Although many studies have suggested a relationship
between response inhibition and food intake or response
inhibition and obesity,25,41 our study did not find a
significant correlation between poorer inhibitory control
in response to food images and food consumption or BMI,
probably due to our small sample size. It is possible that
the mechanisms by which impulsivity acts on eating
behavior in anxious patients can be different from those
described in individuals without GAD. Furthermore, some
of the constructs that comprise impulsivity as it relates to
anxiety disorders (attention and planning) could not be
captured by the task we used.
Impulsivity and snack intake correlated positively in this
study; however, this relationship did not remain statisti-
cally significant on regression analysis. In contrast to our
results, Price et al.8 demonstrated that response inhibition
deficits on a food go/no-go task predicted greater snack
intake in overweight/obese individuals who scored low
on restrained eating measurement. This study sugges-
ted that overeating was mediated by poorer response
inhibition to food. Moreover, deficits in the go/no-go task
were also associated with BMI in a study of female
adolescents without anxiety disorder.42
In our sample, only age was associated with higher
BMI, as already described for the general population.43
Moreover, in the current study, BMI was not associated
with impulsivity, which contradicts data from a recent
meta-analysis.44 However, this meta-analysis also sug-
gested that the instrument used to evaluate impulsivity
and the domain of impulsivity assessed can result in
different effect sizes on BMI.44 Furthermore, other factors
– such as physical activity, trait food craving, perceived
self-regulatory success, specific impulsivity domains, and/
or eating styles – can interfere with the total effect of
impulsivity on BMI.45
The main limitations of the present study were the
small sample size and the cross-sectional design, which
precluded any determination of a causal relationship
between the variables. However, as previously deter-
mined by our sample size calculation and confirmed by
the significance of our results, the study was powered to
detect associations among the outcomes of interest.
An additional limitation is that we did not test for attention-
deficit/hyperactivity disorder (ADHD) or its sub-syndromal
symptoms, nor for autism spectrum disorders, conditions
which may alter executive function and worsen perfor-
mance on neurocognitive tasks. However, no participants
had evidence of these diagnoses on clinical evaluation.
Longitudinal studies including individuals without GAD
are needed to help understand eating behavior patterns
in this population.
Our finding of impulsivity as a predictor of higher sugar
and saturated fat intake in women diagnosed with GAD
might elucidate the association between impulsivity and
food consumption in a population subtype at increased
risk of eating disorders and cardiovascular disease. Our
results suggest that impulsivity is one of the factors that
Table 2 Multiple linear regression models performed to analyze the influence of impulsivity (BIS-11) and inhibitory control on
nutrient intake and BMI
B SE t p-value
Sugar (R = 0.430, adjusted R2 = 0.124) o 0.05*
Constant -76.957 99.064 -0.777 0.442
Age -1.173 1.051 -1.116 0.271
Impulsivity (BIS) 3.362 1.331 2.526 0.016w
Inhibitory control (no-go food) -1.078 4.465 -0.241 0.810
Fat (R = 0.438, adjusted R2 = 0.131) o 0.05*
Constant -18.477 56.993 -0.324 0.747
Age -0.647 0.604 -1.071 0.291
Impulsivity (BIS) 2.163 0.766 2.825 0.007w
Inhibitory control (no-go food) -4.377 2.569 -1.704 0.096
Saturated Fat (R = 0.434, adjusted R2 = 0.128) o 0.05*
Constant -26.404 21.804 -1.211 0.233
Age 0.007 0.231 0.032 0.975
Impulsivity (BIS) 0.893 0.293 3.049 0.004w
Inhibitory control (no-go food) -1.321 0.983 -1.344 0.186
BMI (R = 0.495, adjusted R2 = 0.188) o 0.05*
Constant 14.234 7.556 1.884 0.067
Age 0.233 0.080 2.908 0.006w
Impulsivity (BIS) 0.049 0.101 0.487 0.629
Inhibitory control (no-go food) 0.670 0.341 1.967 0.056
BIS = Barratt Impulsiveness Scale; BMI = body mass index; SE = standard error.
*Regression model significant at p o 0.05.
w Independent variables significant at p o 0.05.
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lead to overconsumption and, consequently, to over-
weight in the long term. This knowledge may contribute to
the development of preventive strategies against weight
gain and management strategies for overweight in order
to reduce morbidity in patients with anxiety disorders.
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